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by Roy Szweda 
In the Appl ied Physics 
Letters journal Dr Shuji 
Nakamura and his collea- 
gues have recorded their 
success in "the first con- 
tinuous-wave operation of 
lnGaN mul t i -quantum-  
well-structure laser diodes 
at 233K". Pulsed operation 
at RT has previously been 
demonstrated (see IlI-Vs 
Review Vol. 9 No. 3, p22) 
but the target is for CW 
operation in order to rca- 
lise practical manufaetur- 
able blue emitting lasers 
for high density data sto- 
rage for DVD etc. This 
recent achievement is a 
notable step in the path 
to this goal. 
As before,  the lasers 
were prepared using the 
Nichia-developed two-flow 
MOCVD method at atmo- 
spher ic  p ressure  using 
(001) C-face sapphire sub- 
strate. The structure of the 
laser diode is complex and 
best seen as a pictorial  
representat ion as shown 
here. Key to the growth 
and integrity of the layers 
are the n-type InGaN buf- 
fer and thick A1GaN which 
prevents film cracking. As 
Dr Nakamura says, the 
structure of the ridge-geo- 
metry InGaN MQW was 
almost the same ms that 
used before .  This was 
formed by etching of the 
surface of the p-type GaN 
layer. The mirror facet was 
formed by dry etching also. 
Since the objective of the 
work was to achieve RT 
operat ion  these d iodes  
were actually tested under 
these condit ions at this 
temperature but "were ea- 
sily broken within one sec- 
ond  due  to  heat  
generation". However, CW 
operat ion  was  subse-  
quently confirmed when 
the temperature was re- 
duced to 233K (i.e. -40"C) 
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by immersion in ethanol 
cooled by dw ice. It was 
under  these cond i t ions  
that DC cleetrical charac- 
terization was performed. 
tip to a threshold current 
of 210 mA no stimulated 
emission took place. How- 
ever, a differential quan- 
tum efficiency of 8% per 
facet and 9.5 mW per facet 
output  were  gained at 
250 mA. 
It is worth pointing out 
that the paper describes 
improvement in operating 
voltage - these measure- 
ments were made at 11 V 
contrast this to that used 
before i.e. 30V. This was 
ach ieved  by "ad just ing  
growth,  ohmic  contact  
and doping profile condi- 
tions". 
Pulsed operation of these 
diodes was also successful 
with lasing occurring be- 
tween 283K and 343K. 
Temperature range was de- 
termined by the limits of 
the measurement equip- 
ment. Dr Nakamura esti- 
mates  the temperature  
dependence of the thresh- 
old current to be 162K. 
Temperature  cont ro l  
was also a problem for 
measurement of emission 
spectra. In fact it is un- 
known as yet how much 
longer than the 30 rain 
used  here  that  these  
diodes would continue to 
operate at 233K but "it is 
expected to bc longer". 
The optical characteris- 
tics of the diode were also 
measured and spontaneous 
emission noted at a peak 
wavelength of 409 nm with 
a broad spectral width of 
20 nm. It is noted that 
observed peaks had separa- 
tions which differ from 
those seen with pulsed 
operat ion.  Dr Nakamura 
infers that the previously 
seen multiple sharp peaks 
were characteristic of the 
pulsed current flow. How- 
ever, it may also derive 
from inhomogencit ies in 
film thickness and compo- 
sition of layers and so on. 
The paper also discusses 
excitation behaviour and 
considers their relation to 
emiss ion mechan ism in 
this type of diode. It is 
deemed unlikely that ex- 
citons are related to emis- 
s ion  at  RT, un l i ke  
circumstances in other de- 
vices such as S- and M-QW 
LEDs. 
Next Issue 
In the next issue we will 
return to the LED develop- 
ments at Nichia and also 
look at their growing appli- 
cation in outdoor displays. 
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